INTRODUCTION
============

Non-alcoholic fatty liver disease (NAFLD) is being recognized as not only most common liver disease but also metabolic disease ([@B1], [@B2]). Especially, as NAFLD was known to be deeply related to metabolic syndrome, there was increasing attention for the clinical association between NAFLD and cardiovascular disease (CVD). In practice, CVD was the second common cause of death next to cancer in 18 yr\' follow up study for 132 NAFLD patients ([@B3]). In addition, diabetic patients with NAFLD had the higher prevalence of coronary arterial disease, cerebrovascular disease, and peripheral vascular disease than diabetic patients without NAFLD ([@B4]). As the pathophysiologic mechanisms of these associations, increased carotid artery intima-media thickness and decreased brachial artery endothelial flow-mediated vasodilation were suggested ([@B5], [@B6], [@B7]).

Nonetheless, there was only limited information about association between NAFLD and hypertension. Although Donati et al. ([@B8]) reported that prevalence of hypertension is high in the NAFLD patients with normal liver enzyme, their report has a limitation of the small scale with a few cases. Especially, considering the role of hypertension in the development of CVD, there is necessity for a study to investigate the association between NAFLD and hypertension. Accordingly, we conducted this study to investigate the effects of NAFLD on the development of prehypertension, identified as a predictor for developing hypertension.

MATERIALS AND METHODS
=====================

Study design
------------

A prospective cohort study was conducted to examine the association between NAFLD and the development of prehypertension in Korean men participating in a medical health check-up program at the Health Promotion Center of Kangbuk Samsung Hospital, Sungkyunkwan University, Seoul, Korea. The background and purpose of the medical health check-up program is precisely described in the previous study of our group ([@B9]).

Study population
----------------

This study was based on the medical data derived from the health check-up program for Korean employees in 2005 yr. The study population was composed of Korean male workers, and the system of medical health check up was described in our previous study in detail ([@B9]).

A total of 40,705 men, aged from 30 to 59 yr old, who underwent the abdominal ultrasonography (US) during a medical health check-up in 2005 participated in this study. Among the 40,705 participants, 26,308 men were excluded on the basis of the following exclusion criteria that might influence prehypertension or US findings: 185 had a past history of a malignancy; 191 had a past history of cardiovascular disease; 2,731 were receiving medication for lipid-lowering agents; 5,079 had an alcohol intake of ≥20 g/day; 2,384 had elevated γ-glutamyltransferase (GGT) levels (\>100 U/L); 2,003 had a positive serologic marker for hepatitis B surface antigen (HBsAg); 39 had a positive serologic marker for hepatitis C virus antibody (HCVAb); 454 had abnormal US findings such as chronic liver disease, liver cirrhosis, and/or current or past history of clonorchiasis; 18,432 and 5,254 had a baseline prehypertension or hypertension, respectively at initial examinations.

Because some participants had more than one exclusion criteria, the total number of men eligible for the study was 14,397. We further excluded 3,047 participants who lost to follow-up between 2006 and 2010. The lost to follow-up was developed for the reasons such as retirement, unexpected disease, accidents or changing hospital for their will. Accordingly, 11,350 participants were included in the final analysis ([Fig. 1](#F1){ref-type="fig"}). The total follow-up period was 32,180.1 person year and average follow-up period was 2.84 (standard deviation \[SD\], 1.44) person year.

Clinical and laboratory measurements
------------------------------------

Study data included a medical history, a physical examination, information provided by a questionnaire, anthropometric measurements and laboratory measurements. The medical history and the history of drug prescription were assessed by the examining physicians. All the participants were asked to respond to a questionnaire on health-related behavior. Questions about alcohol intake included the frequency of alcohol consumption on a weekly basis and the usual amount that was consumed on a daily basis (≥20 g/day). Persons smoking at that time were considered to be current smokers. In addition, the participants were asked about their weekly frequency of physical activity, such as jogging, bicycling, and swimming that lasted long enough to produce perspiration (≥1 time/week).

Anthropometric measurements and procedures for obtaining and examining the blood samples were described in detail elsewhere ([@B9]). Systolic and diastolic blood pressure (BP) was measured by a standardized mercury sphygmomanometer after at least 5 min of seated rest using the Hypertension Detection Protocol ([@B10]). According to the JNC-7 guidelines, normal BP was defined as a systolic BP less than 120 mmHg and a diastolic BP less than 80 mmHg, prehypertension as a systolic BP of 120-139 mmHg or a diastolic BP of 80-89 mmHg, hypertension as a systolic BP of at least 140 mmHg or a diastolic BP at least 90 mmHg, or current use of antihypertensive agents ([@B11]). Diabetes mellitus was defined as fasting serum glucose ≥126 mg/dL, or current use of diabetic medications.

The clinical laboratory has been accredited and participated annually in inspections and surveys by the Korean Association of Quality Assurance for Clinical Laboratories.

The diagnosis of fatty liver and the evaluation of its degree were based on the results of abdominal US with a 3.5-MHz transducer (Logic Q700 MR, GE, Milwaukee, WI, USA). Abdominal US were carried out by experienced radiologists who were unaware of the aims of the study and blind to the laboratory values. Images were captured in a standard fashion, with the patient in the supine position, with the right arm raised above the head. The fatty liver disease was diagnosed according to the standard criteria described by previous studies, including parenchymal brightness, liver-to-kidney contrast, deep beam attenuation, and bright vessel walls ([@B12], [@B13], [@B14]). To assess the intra- and inter-observer reliability of ultrasound diagnosis of fatty liver, random samples of 200 stored ultrasonographic images were re-read at least two weeks apart by the eleven radiologists. All radiologists were blinded to clinical information. The inter-observer reliability and intra-observer reliability for fatty liver diagnosis were substantial (kappa static of 0.74) and excellent (kappa static of 0.94), respectively.

The presence of metabolic syndrome (MetS) was evaluated according to the joint interim statement of the International Diabetes Federation Task Force on Epidemiology and Prevention ([@B15]).

Statistical analysis
--------------------

Data were expressed as means±(SD) or medians (interquartile range) for continuous variables and percentages of the number for categorical variables.

The one-way ANOVA and chi-square-test were used to analyze the statistical differences among the characteristics of the study participants at the time of enrollment in relation to the NAFLD categories. Categories of the NAFLD comprised the following: normal, mild, moderate and severe. Moderate (n=382) and severe NAFLD (n=9) was combined into moderate to severe NAFLD category for analyses, owing to the small number of severe NAFLD. The distributions of continuous variables were evaluated, and log transformations were used in the analysis as required. For incident prehypertension cases, the time of prehypertension development was assumed to be the midpoint between the time of visit when prehypertension was first diagnosed and the time of baseline visit in 2005. The person years were calculated as the sum of follow-up times from the baseline to an assumed time of prehypertension development or to the final examination of each individual. Cox proportional hazards model was used to estimate adjusted hazard ratios (HRs) and 95% confidence intervals (CI) for incident prehypertension comparing the mild and moderate to severe NAFLD categories vs. the normal group. The data were adjusted, first for age alone, then for the multiple covariates. In the multivariate models, we included variables that might confound the relationship between NAFLD and prehypertension, which include: age, log (hsCRP), HDL-cholesterol, serum creatinine, recent smoking status, regular exercise, MetS and diabetes mellitus. For the linear trends of risk, the number of NAFLD categories was used as a continuous variable and tested on each model. To use the Cox proportional hazards models, we checked the validity of the proportional hazards assumption. Two approaches were used to assess the validity of the proportional hazards assumption. First, the assumption was assessed by log-minus-log-survival function and found to graphically hold. Second, to confirm the validity of the proportional hazards assumption, time-dependent covariate analysis was used. The time-dependent covariate was not statistically significant, suggesting that the proportional hazards assumption is not violated (*P*=0.441). *P* values \<0.05 were considered to be statistically significant. Statistical analyses were performed PASW Statistics 18 (SPSS Inc., Chicago, IL, USA).

Ethics statement
----------------

Ethics approvals for the study protocol and analysis of the data were obtained from the institutional review board of Kangbuk Samsung Hospital (IRB number: KBC12060). The informed consent requirement was exempted by the board because researchers only accessed retrospectively a de-identified database for analysis purposes.

RESULTS
=======

During 32,180.1 person-years of follow-up, 6,602 (58.2%) incident cases of prehypertension developed between 2006 and 2010. Compared with analytic cohort (n=11,350), 3,047 participants not included in analytic cohort were 0.7 yr older (42.1 vs. 41.4) and had a less favorable baseline metabolic profiles in age, diastolic BP, fasting serum glucose, smoking status and diabetes mellitus ([Table 1](#T1){ref-type="table"}).

The baseline characteristics of the study participants in relation to the NAFLD categories are presented in [Table 2](#T2){ref-type="table"}. At baseline, the mean (SD) age and BMI of study participants were 41.4 (5.9) yr and 23.6 (2.6) kg/m^2^, respectively. There were clear dose response relationships between all of the listed variables and NAFLD categories.

In contrast to participants without development of prehypertension, those with development of prehypertension were slightly older (42.0 vs. 40.6) and more likely to have the diabetes mellitus and NAFLD. As expected, all clinical variables showed statistically significant differences between two groups except for smoking status ([Table 3](#T3){ref-type="table"}).

[Table 4](#T4){ref-type="table"} shows the hazard ratios and 95% CI for prehypertension according to the NAFLD categories. In unadjusted model, the hazard ratios and 95% CI for prehypertension increased according to the degree of NAFLD (mild NAFLD, 1.26 \[1.20-1.33\]; moderate to severe NAFLD, 1.40 \[1.24-1.58\], respectively \[*P* for trend\<0.001\]). These associations remained statistically significant, even after further adjustments for covariates in model 1 and 2. In model 2, the adjusted hazard ratios and 95% CI for prehypertension were 1.18 (1.07-1.31) and 1.62 (1.21-2.17), respectively (*P* for trend\<0.001).

DISCUSSION
==========

This study demonstrated a significant association between degree of NAFLD and the subsequent development of prehypertension in Korean men. This association was independent of age, HDL-cholesterol, log (hsCRP), serum creatinine, recent smoking status, regular exercise, MetS and diabetes.

These findings can be epidemiologic evidence sustaining the causative relation between NAFLD and CVD. As aforementioned, there is only limited data explaining the association between NAFLD and CVD. Although several studies have indicated the independent role of NAFLD on CVD ([@B16], [@B17], [@B18], [@B19]), the pathophysiologic mechanism remains unclear. However, our study findings may be one of pathophysiologic mechanism for these studies. Especially, considering the disease progression from prehypertension through hypertension to CVD, our study suggests the role of NAFLD in the development of CVD.

As the mechanism of our findings, we suggest theories concerning the effects of NAFLD on circulatory system. The first is insulin resistance identified as the critical factor for the development of NAFLD. Insulin resistance can induce dyslipidemia and provoke the secretion of proinflammatory cytokine such as tumor necrosis factor-α and interleukin-6, which accelerates the arteriosclerosis ([@B20], [@B21], [@B22]). These conditions can decrease the vascular elasticity and luminal width to increase blood pressure. The second is the oxidative stress, and chronically potential inflammation associated with NAFLD ([@B23], [@B24]). NAFLD is related with the increased oxidative stress and hazardous cytokine as well as decreased anti-atherogenic factor like adiponectin ([@B25], [@B26]). These hazardous conditions can provoke the inflammatory response in the arterial inside to deteriorate the arteriosclerosis. Considering the significant association between arteriosclerosis and hypertension, these theories may be a probable background to explain the mechanism of the present study.

When interpreting our results, some limitations should be considered. First, the presence of NAFLD was assessed by ultrasonographic method instead of pathologic method. Although US is regarded reasonably accurate, it cannot identify fatty infiltration of the liver below the threshold of 30% ([@B27]). However, it is inappropriate to perform invasive tests in a population-based epidemiological study ([@B28]). In addition, all examinations were carried out by experienced radiologists using widely established methods, and US examination of our group has credible inter- and intra-observer reliability. Thus, US might be clinically appropriate and reasonable modality to diagnose NAFLD in this study.

Second, we could not count obesity into adjusting covariates. Especially, considering the significance of obesity in the development of hypertension, this limitation should be addressed. However, when body mass index (BMI) was included in adjusting covariates, we found that statistical significance disappeared. These findings suggest the pivotal role of obesity on the development of NAFLD and prehypertension. Actually, when study participants were divided to 2 groups of BMI\<28 and BMI≥28, we could ascertain the interesting results. While people with BMI\<28 showed the statistically significant HR for prehypertension, people with BMI≥28 did not have the significant HR. This finding shows the stronger effect of obesity on prehypertension than that of NAFLD. Thus, we could not be sure that NAFLD was a risk factor for prehypertension independently of obesity. Nonetheless, it does not seem that NAFLD has no contributory relationship with the development of prehypertension. In this study, NAFLD was significantly associated with the risk for prehypertension even after adjusting for diabetes, fasting glucose level and MetS. Diabetes, fasting glucose and metabolic syndrome are medical conditions encompassing metabolic conditions of insulin resistance. As aforementioned, insulin resistance plays a significant role in elevation of blood pressure. Accordingly, the finding that statistical significance remained even after adjusting for parameters of insulin resistance is thought to be showing the significant association between NAFLD and prehypertension.

Third, our study population was only limited to Korean men. Although prevalence of NAFLD is different between two genders, including women may be better to show the effect of NAFLD on IR. Especially, the prevalence of NAFLD is comparatively lower in woman than man, and known to increase in postmenopausal state ([@B29], [@B30]). In addition, Bedogni et al. ([@B31]) showed that gender was the significant predictor of NAFLD. Thus, these results cannot be necessarily extrapolated to women and other ethnic groups and further studies are needed.

In conclusion, our findings, which were obtained from large number of cohort, showed that the risk of prehypertension increased in proportion to the degree of NAFLD during a 5-yr\' follow-up. However, when BMI was counted into adjusting covariates, the statistical significance was not maintained. These findings suggest not only the availability but also the limitation of NAFLD as a risk factor for prehypertension. Therefore, to reveal the more correct association between NAFLD and prehypertension, consecutive studies should be conducted to reveal the effect of NAFLD on the blood pressure.
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Comparison between exclusion from analysis and inclusion in analysis
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Data are expressed as means±standard deviation or percentages. ^\*^*P* value by *t*-test for continuous variables and chi square test for categorical variables. BMI, body mass index; WC, waist circumference; BP, blood pressure; HDL, high density lipoprotein; LDL, low density lipoprotein; HOMA-IR, homeostasis model assessment of insulin resistance; hsCRP, high-sensitivity c-reactive protein; AST, aspartate aminotransferase; ALT, alanine aminotransferase; GGT, γ-glutamyltransferase; MetS, metabolic syndrome.

###### 

Baseline characteristics of participants according to NAFLD categories (n=11,350)
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Data are means±standard deviation, medians or percentages. ^\*^*P* value by ANOVA-test for continuous variables and chi square test for categorical variables. BMI, body mass index; WC, waist circumference; BP, blood pressure; HDL, high density lipoprotein; LDL, low density lipoprotein; HOMA-IR, homeostasis model assessment of insulin resistance; hsCRP, high-sensitivity c-reactive protein; AST, aspartate aminotransferase; ALT, alanine aminotransferase; GGT, γ-glutamyltransferase; MetS, metabolic syndrome.

###### 

Comparison between participants with and without incident prehypertension
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Data are are means±standard deviation, medians or percentages. ^\*^*P* value by ANOVA-test for continuous variables and Chi square test for categorical variables. BMI, body mass index; WC, waist circumference; BP, blood pressure; HDL, high density lipoprotein; LDL, low density lipoprotein; HOMA-IR, homeostasis model assessment of insulin resistance; hsCRP, high-sensitivity c-reactive protein; AST, aspartate aminotransferase; ALT, alanine aminotransferase; GGT, γ-glutamyltransferase; MetS, metabolic syndrome.
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Hazard ratios and 95% confidence intervals for the incidence of prehypertension according to NAFLD categories
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Model 1 was adjusted for age, HDL-cholesterol, log (hsCRP) and serum creatinine. Model 2 was adjusted for model 1 plus recent smoking status, regular exercise, MetS and diabetes mellitus. HDL, high density lipoprotein; hsCRP, high-sensitivity c-reactive protein; MetS, metabolic syndrome.
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